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(54) SECOND HIGHER HARMONIC GENERATING ELEMENT AND ITS 
PRODUCTION 

(57)Abstract: 

PURPOSE: To realize an ideal rectangular 
polarization inversion grid and to efficiently 
generate a SHG light by periodically arranging 
polarization inversion regions stretched from 
regions for starting polarization. 
CONSTITUTION: The proton exchanging layer 
of grid pattern, that is, a region for starting 
polarization is formed on a substrate surface by 
using a substrate 1 1 consisting of LiTa03 or 
LiNb03 and the layer is subjected to a heat 
treatment at >200°C within 10 minutes of holding 
time after forming a pattern thereon. A 
polarization inversion region 12 is formed under 
the proton exchange region by adjusting a temp, 
rising rate up to the heat treatment temp, to 
>50°C/min. and adjusting a temp, falling rate 
from the heat treatment temp, to >50°C/min. and 
the top end of the region 12 is made to an acute 
angle and the depth/width ratio of the polarization 

inversion lattice formed is also set at >1. In such a manner, SHG element having high 
efficiency is realized. 




<19)B*»MW OP) (12) & Hfl 4$ jfr & $! (A) (H)»HFtHB4i08S# 

#H¥5 -341342 

<43)&MB ¥{£5 ¥(1993) 12^240 



(51) Intel. 5 MME* irWSEl!#^ Fl 

G0 2F 1/37 8106 - 2K 



g«W* »#«0>3J:3(£ 15 JO 



(21)WH#^ 


#K¥5-36139 


C71)ffl«A 


000005083 


(62) 


#8S¥4 -343720>#«iJ 




0i*»ftic^a 


(22)£tJIS0 


¥$4^(1992) 1 /524 0 




JtDKS^BBBJKOrt 2 TB 1 # 2 ^ 






(70HWA 


000005108 
















JTSC« : H^fflK«>ffl«W#li3TB 6#ife 








ftH Ml 








*3IW18tf H* R5200#Jg b &&nm£ 
















-&m xm 








rfJHir K5200SK! 0 S&Mfcj* 








£tt8M4#*w3s?ri*i 






(74)^SA 


m± *« % 











(54) im<om] ^nmmiM^mf^omt^m 



(57) BN1 

££8tfl&$$(;:SHG#£f6£<*1t*. 

L 1 T a 0» * W*L i NbOs S*t4fflV> 

oT:a±T?«»«miio»artT?jiMaa*ff5. mum 
ffla^flf*T?©taffi4jK ; &5o , c/^±. sBtfflaiaa 

* e> ©BASS* 5 0 tJ/»K±Tff 5 C tTf^n h > 
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1 

mmiz <fc o ^sns^ffis«^©«s/«tt;*t i 

t»T, W±fcWJIII«fc#S©3 5 «WS»«U 

SSS&atfKU tt^ff©$Mtt&MG#«aMM 

Z*7\ZL1ZZt £#t» if «« 2 ftMftft£*?(D|| 

[389]©B¥iBllfcira] 
[0 0 0 1] 

TWLiTaO) (ftTLTtUPT) ^>L I NbOs 
(fiTFLNtfrT) S«CJlU&B2MHEft±*? 
(HTSHG^f) KtfilWfiii^fclCMfcD. SHG 

#F©Hawsfl:cBrr* *©•?**. 

[00 02] 

[ft*©t$ffi] iS¥. *S«ft©*fi*ilfcl,T. fcfi 
8 3 0 nm©¥i»#l/-1f**»l&S©SHG* : f > T!¥ 
»©jgg4 1 5nm©Wfe©)tt««T-5Ct*»ttBS 
ftTW*. CTAtfWHBa6 1- 1 8 9 3 4#4i«lcE* 
*nTV»*±5tL iNbOiS«±fc^nh>«iltS 

(LINbOs ©L W^i^n K>£-$ffifcLT 

n&0 2(C^T. H2KU3V>T, LiNbOj <fctJ*-5 
S«2 1©*HK^>*;«BHW«1 3*»*U 
C©-*J:Da**A»*14*Ait;£tf«fc. SttfflJ 
J:t)OTEBJi«©*xl'>37SHG3!£2 2jWH*a 
n*. lie. ftiET?tt«Atf E lectronlcs 
Letters. 2 5. 1 1 (1 9 8 9$) ©517 3 1 
~7 3 2JTCIU;&nTV>«J:3C, #ffiE££fflV>T 

tt*»ftttf5*ts««ji«an&. ffcfc£B3ic*-r 

J:5fcLiNbOi »R2 1±fcTl*«ej;^TIWB 
**Sfl«U ftl 1 0 0rfctt»L.THM**H«»* 

lftJMKU *©«:/Dh>a&fcfc*oTft*»Kl 

atffsu s*»i4*a»ushg*i 5**dib 
-rfe©-cfts. LiTad sssfflnaa^Kttw*. 



(2) ftlHi¥5-34 1 34 2 

2 

tfAppl. Phys. Lett. 5 8 (24) (1 9 
91$) 812 7 3 2~ 2 7 3 , 4HrfllU6nTVi-5» 
04 1:**.*; 5 ICL 1 TaOs .J:0&£g&ll_h 
ICT 1 «1R©#fc9fc7*n h>*j«SfcJ:oTH«»T 
tffSl. »6 0 OCMDftUlMttTMKiftMKS 
te^-B-.5^tlC«tt)T$n^©^ffi5<S««4 1 £Jf2j£ 
U Efc7nK>£fti£l;:^Tft#i68l 3£fWT 
*#St>lt*6ttT&>*. *l/C, '©#$&& 1 3C 
**Sl4ft*Jtl/TSHG*l BtfftOttSttS. 

10 [ o o o 3 ] «i©«©® 2 »wi»6£*7 t L 

Ttt. 1 9 9 1$. 9E8ff©Ap p 1 1 e d Phy 
sical Letters©153 8HlClB«snfc 
LT*JM&$fflV»fcSHGJ*F*. ■R&Htt^W0 9 

0/0480 7^*cdwanfc»»«rt(ijfi^. «p» 

¥4-2 2 9 8 4 l^fBlCH^SnfcSHG*^, 
1 9 9 l¥5fl 9 Bf5fr©ELECTRON I CS L 
E T T E R ICfEIB 3 ttfc S H G %=f U 6 ftTV> 

[00 04] 

it? [»W^»«L«k5tr*lia3 L*bft««6, ±BB 
Jfcgffilcte. *C**±5fcffl»IW*r>&. H2K* 

584-T*SHG*©e-A»«a»=Bflfflta:0. ffi© 
T*H«*««**<. wtlSI3*rl?l#tTiKD)itJC<!: 

n&H 3 Rtf® 4 \Z7F.tft&ftte*m V»Ttt*B^*fr 

53SrStttSHGje«»3U^-han&3e"c»*&». 

x 1/ > 3 7 mX t tttt L T*ft tffftt T£ ST ft 5 & 

30 mm^tmmtfD^mm^t&^mmz 
»#lt*o. cne^A#^g. awbjSKfc*. l 

*gJ&SrB5©#«E<fgl&7 S H G$7*#(D2«-e 
SHGft*5fi£T£T^fcV>. 
[0 0 0 5] TI«««WH43lH*fcJ:oTB*f 

*««Ttt#«B3e*»**«ttT UT**© S H G3E± 

6fflk»6nT*&^nh>sawia©*tttt, bisk 

S-r«k5ICfi®1f3 5 4rtlCg@L&*5X§S3 5 1 
ftt;::/Dr->ig'?»£&3 5 3£iK$L, C©K©«f»C 
^K3 5 2i-Dtt&Z\tfflTt>tlTK>£>. C©«^, ^ 
D h>BT**«l=J:-3TBi!f5X«W3 5 lflMSSft 
5 d i:*I«©4»ttiJt^D h >x«a n* C t 
0, 8K<k*fc^»tt©*§fl#ttKJ:3awc«fcr)g 
*©aH*«JSti&0. «nTL*3WHjiSl««*t>&. 5 

\z, moijm-ett»mzm?omtmmoft 
so m<m* oxn? 2 ®&>±<z>7*h')v #77 << &nt> 
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3 

[0 0 0 6] £&, Appl I ed Physical 
Letters ©SHG^fK&^TH:. ftSHfete 
i=-©*i#2. 1 umt&ZlZMVTZiD&ZWl. 6a 

Mv$>~>it. W090/0480 mtenomwL&mm 

it. #W¥4-2 2 9 84 1 ^ffilC^fSHG^jtlC 
fcoTIS. LTS«HTWSI©«filSMt 
5fe©-C*5#. ^ffi©ffl$&ffc£±i;-0>5Sn©i& 

[0007] JglC, ELECTRONICS LETT 
ERK&BISSn&SHG^ICfcoTtt, S^tf-A£ 

fflWLNitg t^ss^e mm * ©t& a 
^©.kpicm^if-^&ffl^^ii^ta, «^tf-Aic 

[0 0 0 8] 

£8*© S H G H 2 

T^5tf$£^T£tff;:fflV>en-5. LiTaOi ift 
«L 1 NbOi**C*tt*X/W**WM*©#*Ett, 
ff&ftj. Appl. Phys. vol. 46, No. 
3 (1 9 7 5*) ©1 0 6 3HfcJ&&n«J:3fcJil<» 

jfj£**£v>3t>©-e»*. 

[0009] *£T?a*tt*«fl««Afc*anfc»«E 

C<E«A»*Sf**#COHTttWUfci:CJ5, LIT 

ao. sfcBLiNbOi mfowitm&mttmmm* 
sn?*«ci*ics&oTj*fi-r*t>©i#*&n*. c© 



(3) ftM¥5-34 1 34 2 

a. %Lttm<o»mmmmmzBi&ffti& zazx 

[0 0 10] H±©#*fc*3S. L I TaOi ifcfcte 
LINbOj S«±&HlCfl»flWlCft«iWftftl;:&Sn 

»*©*«****«, aaafHwaaflETiiMaa&ff 
WF&maxMimxb lt»s&sp© s hgjutsss 

*BC»ofc»*©*«MI 

^ !1 i < *©fcft#ffiE<Ett?©jS&3 »^»!^ 

*tt««l*lB*TV>*Jl4:a«*l/V>. £fc#«E«gte 
J? ?©«H#ffl©*tt«OTT**©«Sfc±oTa«n* 
1 ttmfiU: 1 0 junfirFOffiHTaMCfcfc 
S©***©«fclM*L <f* CtlCfc DM* U>»* 

*©#«R<E*?jra»s-e* *. 

[0 0 11] #C£CMBMt©fc«®MMK4WT 
», l»SIil!®S*-r©#S^t) L < »WHSUE» 6 © 

PWM&©-jfrSfcaPi#fc 5 ot:/»eu:©fiflaM2i 

MIC. HSfc^/W-;/©* 
«#«El6fi«©fi)WH^*->i|f£l6$U>*>©tf 

mnm&#2 o otm?&9£7Maaim«ti o 
[ooi2] *jt, #58w©B«ttss«&Je&tt©# 
•fc»i*u *a**osHG*^tfp«r*ctc» 

IU JWMW)SHG3t**ftS**j:i:fc:**. 
[0 0 13] LITaOs SfcBLlNbO. 3ffi±^ 
■fc^n h>S:«l««T7*S»a©*<S«*6^M«» 

tts(E®«&^<«f«.fc»ic. sr. wmm\z%mn 

50 fiVlSft. S!SftlHWaKTKflacff9-aMMH« 
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5 

2&3$£©SHG5f§^£gaT2a. 
[0 0 14] £&> *%WIZ<kn«, L ITaOi £fc 

<HV^->&»j^fca§&#»ffi^©SRJiE£5 

U *©«, *®*Sfcl/<lffiftra*ttAfc1fc. * 
•SBfcfWfSUfcT, %ttttBAlc£ftftlc£I!© 
4MUC£*?iWMt'e*&. MIC El 5H*-r«fc5IC 

KS4*fc#6llftfflR©--iB©#fc:/n h>£&£fr 

^ c fc««wajfe«^«ft©»SKte««s»is-e# 

[0 0 15] *»9I©lM»a«M&i6#tt©# 
SSCtt^ 1 @©7* MJ V if 97 4 "Cm 

T*J:tT?a3M9a«»«©»«KS«HP««Sb. 5 

S HG*ft«ta46SlfF««*ftDDBTft«-r* - 1 

[0 0 16] St. *56W©g«tt, #«££»?©« 
£»**©«£ 2 iSSSiS5S£5St^R 

W»«K«E«fflft«a. S»ffiaic«tr)8««iS©7'Dh 
>3S«®«©H«$Sil5 < c t-niMHWtr* C 

o "CBUT* o fl^i&i&aiswat 2 o#ewr**i:i 

[ooi7] *»w«fc. neftJHfcjsfrvrjm 

**T©#Wbl/< tt»lfi««»6©PWW»©-^* 

it\m%\z 5 oT:/»fiLt©fifla«i:aflE«d«riit* 

»»t-r<5. *JMttXe. HtJffiKrabrDjBK, jWi. 
fc, *»^©BMe. MgOfcl^XfiUWtol/fcL 

[00 1 8] 

[0019] Bltt*»Wfc J:* SHG* 



(4) #B8¥5-34 1 34 2 

ff 

*©*lMie*tllJ*Xtf»fPIMIH, 0 5 (a) ~ 
(h) tt±l2SHGig^©SjiXSS:^Tia-e*S. 19 
6, 7ax/X-f^«^fl5Ktt7. H8tttt*©¥R« 
©»«R«»^**-r9»-e**. Hlfc*V»T. 11 
ttaH«t-cH"C**LlTaOi ^ttJUM'CSX^ 

«icsiEsnfc»^-e, c©«»-ett»«©wtB±nii 

M. D 1 domen 1 co J r. £©£lt 
Journal of Applied Physic 
10 s Vol. 40, No. 2 7 2 0~7 34MlC«kS 
&MMMMMMfc0ff*t*L 1 NbOj SfcttL l Ta 
C-3 $©2HflPR 3 c ©3aR1«M8B©®£@38#ffi© 

imst-a-ra. iiEot, ***«i©««at!«(c3ti»» 
■©#«***«* «»«JBWKE«anTv>*t^* 
*. 1 say* o, im SH 

G3t"b!l«!>«»CHi;a866nTfflBT*. 14 BAN 
«*»TtS*«IBfca([*l<dfcfll*l/Tlr»6. 

»&ia8^T^±tfcSHG)t-c*o, ^ijoisaaii 

a? [0 0 2 0] 3fcfC, *9BH©#ffK£tt?©#a#&S 
H5ftfflV>TlMJT*. 05 (a) fciRt J: 5 C L 1 T 
aOs **©-Z (c) fflS«6fflf*W-1f3t»fiA© 
1/1 Ogg£-C0F£l<fc£fil lSfflitTS. 05 
(b) iCTjVf.fcStCg&l l©-ZH±fcTaR5 IS 
3 0nmX/ty^'J>^T^K^*. 0 5 (c) ICtjVT 
J:3fcTaBl5 l±fc*M^Xh5 2£Xhf>3-h 

fcfflK a*©*HJVJ'97*!HISfcJ:D*hl/5>X 
h 5 2©A^-^>^&fT-3&. *hVX^©/^-> 
MIB1~1 0/tm"C»4S**SHG*©IW«K:*t> 
«T&«. 0 5 (d) lc^T±5lc/1^-r.>^Lfc* 
hWv>Xb5 2*TX$'£l/r, CFj C l #X§ffl^ 
fcR 1 Efc-fc* l«?-f Xy^VjfrtVJB^xy Hy? 
>?CJ:0, TaR5 1 */t 05 

(e) fc*f±5R:*hUS?Xh5 2ST-feb>C«tO 
Rt£U en8K£fflvvr:/nh>£&£2 6 0 , C, 3 
0~6 0^Tff5^tT, #ffi©£«i« (OT^nh> 
X««#75£S5«St»f) 6 3WMK«tl«. 05 

(f) «CjKl\fc5fcTa«5 1 SNaOH(0*SSTI 
40 y*>yr«. 05 (g) fc«TJ:'5fc±B^nh>» 

i*jB5 3!5«»rtsnfc***«»^s:#AU sssms* 

ff 5 C tT»«K«itt^u h >#m 5 3 *«75S^ 
-f^«»«K««l«l 2 S»jSia*frlSS 

ic 5 4 o r-ewtKn o . 5 j»jaata«*T?©#s 

g*5 0 , C/^K±TfT5J:tt<fc»JX/Ui'tt^ffi5 

«B*ra:to'6»«K«*Ti 2«HP«refc. ^©s 
a ic^a n*3t«&Kais <fc o < s« 

50 fl($J:i)^^-3ft. t«oill^Dh>S9^j'- 
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7 

0!IAtf5^rtfr5. 05 (h) »c*T<fcdlCX 

«J|5 4ftlMflCJ;0Nttl/. S#©7cih> 

**&B£<£KLfc. tt«&&©iS«;*i6]fi#8iE6fc 
*©«B^fc»l,T*lOWfcH6 (a) -(f)* 
•ttfcfrK ftftCftttttttlllt*¥Sf*f-«;:&l:J;D 

SHG*w^«an*. tfc. ^nh^ftJS^So 

«#0PIIII*« 1 * 1 K£* Stffl U *©&3«*il 

[0 0 2 1] *«l/fcfe«#»TX/Wi'**«K*» 

SSI^fil cm©SHG*?SfPSb&. g#fc©ftigt 

GSTlC»[g8 3 0 nm©****Aitl,&fc!:5, 4 
15nm0ffiSHGW5ftfc. C©^f©SHG3t 
ffl*«2. 8mWTJt)« «IMbSHG8MSttl OX/ 

tt0 7 TjRt J: 5a««tttt«»Rir»^«KC»T- 

[0022] *t. jttm©fc»»ci»jaia«fM* 1 o»t 

b«0*fH4^<*««4:H»K:bT»JC!>SHG* 

GJtm*SSI16«"|tWflHC»«Lfctll6C©^©SH 
G)tffl*tt0. lmWTN&O, ««HfcSHG3»*tt4X 
/W- cm' T»t>fc„ ^©CtlcfcO. X/t-ff*^ 
ffiEfcte? £ ffl V> * C i OTHMK® S H G **fc#JBT 
$>ZZ.tififtfr?1t. (ft. ±BSOS«C*^T»«Sfi 

cniClR**ftfcV>©ttl9ire*D, flBrr«*JKfllC 

*wrt>iwr**. 

[0 0 2 3] fiUOlMI* 3 K. 

*o»*sc»^ft*8-r*ct*»-c«. s^©sh 



(5) 8SW5-34 1 34 2 

8 

Gft£»£T£*SHG* ; p*»g£'Cff<E>. ±13 

fc^v>Tt>n«ttfl!ffl»*ft4r*. arena 

[0 0 24] (*Jgfin| 2 ) ±?B£i6erai#ffiEfc£« 

»J«*fc3ttWIWS*»J*l/&38«. cn&©»*^*SK 
T©£3lci!lCU ^Dh>3?ft«^*SfJ:3 
KLTt>J:K KT, *»a©»2**acr>V>TBb 
J0 <BJWT<5, H9lfcMMi:J:«SHG*¥©alMt 
3R-«lJ«ftr»fl!«WH. 010 (a) ~ (g) tt±fi 
SHGS^OttfiXStwfHT?**. SI ltt^nh 

[0 0 2 5] 09 fcfcWC, 1 1 «Sffi#- c H"P<&2> 
L I TaOi JWAraTaJ^SOfflftttTffl*'?* 
5. 1 2tt»ff*ta«*BI«B«-C*S^Dh>32««« 

(#a©g{a«) 1 6t-enjemic^snfcSi5^T. 

Cft&©«»Ttt4Mtol*l*l^rtl*T*ft. 1314? 

20 *>*bm&MWirchQ. am sHGtt<b;:©B8 

SftTear*. l 4ttA*fS*i6TfcS 

«4UfcSHG*-C*D, *UDitMMt:aK&#A 

[0 0 2 6] ^(MHUfittToiVAMIifi 
01 0SfflV»TKWT5. 010 (a) IC*-r<J:5{CL 
iTaOa SS©-Z (c) B±fc^D h>Saii6fc± 
DJWMI1 StffftbfeSttl 1 «««■*•*. £©<fc 
5fcfi«I»C*jft»l 3£^j£Lfcj&£®£. 010 

30 (b)*>6H(io>gK: &xm\m<Dnmw 1 C 

*3tf*05 (b) A^605 (g) 

75S^« 1 2 ©S3 »*a*B£*&3ttfc%«tttt& 

r/7n h >#momi. r>*2 < mmis a d *a*> 

<, )E»»P5©a!a©«iBTJsie)gi!«©»fliKiK»^ 

i0SHG*ipa»fp«sn*. *&, co«^Kt>. % 
mm i &naiiciM&ai9oftimn«Mx.if 5^mj:D 

[0 0 2 7] ft±^Lfcf^S^ffi-p»ffiSI5»^S^K 
U *ffilcmOSHG^f£f8Lft. ^©*^(C 
*iSW 1 Tffl PHKk^ r -f -V U— tf * 

fflV»T»***A»l/fciil5, ittlll tl^«ft:SH 

nfc»ttse»^tt0 1 1 T^T«k 5 
so -ri^-ci&ofc. 
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(6) 

9 

[0 0 2 8] tt«0£»fc7n h>a*MB*0* 

«3nfc#*E*K»?©0rBii*lg?TSi:01 2T?*f 
*5fc*PWC*-3&. ^lCSHG3tffl^j£^JS0!lt|B) 
SfcjBDtbfcir^^W^WSHGJtai^ttO. 1 mW 
T*r). Sftfl:SHG^(i4«/W- cm 2 T&o 

S5SS4*0SHG5!l^lCWfflT**::i:^^t)&. EU 
©BWIj5»69I&*»&J;3K:. *nmm\Z&ft& 7oh 10 

[0029] <mmm) 9cv>$mmz&-3T\$, 7u 

ff5*5tbT"bJ:V>. KT. **W©llS3*lSHfc:3 
aS^tH, 015 (a) - (g) H^iBSHGtSSi 1 © 
fc»*3ftft»*EI0**. 017«¥PW©#$E£ 

ft <om 2 sisswos 9 tcT^T«ijfi t nmu s h g i& 

jWMteft*. ftoT. ftt5i^L-«:J:^lC09C*VJ 
T 1 1 tt*BM»- c L 1 TaOi *|gfi&KT 
§8#ffi©l6]£ttTffl$Ti&£. 1 2 te#ffi7)<fflj££B 

5. 1 ste^^i^tt^&g&T&D, sm SH 
[0 0 3 0] ^ir^n h>&MMC:?v>TIMrr«. 

&m$mm (c. h* cooh. hlki 2 it. » 

£2 5 0X3 iCJt^2~3ffiSK. H0jaS*<KV5fc» 

«saefl:0*^v»««**<a*. *&, 3oot:es* 40 

(H, PjOr . »£6 It, 8^3 0 Or) fcffl 
H14fc*WC, 8B**-ZBT**L ITaO 

3 *«g®s«i isss*;^-T*«a*«6 2±ic 

BS. tfnj»K63*S«l l±lc«®!l*$fiJfflLT 

2 ©as^y-ssi*, eins-^i-^t)^®^ 50 



#BI¥5-3 4 1 3 4 2 

i0 

|6H4JD^atttS«^©M-®± 0 M&l/f# SAM*? 

as«*i-5t>©tt5. 7n^>3&&. sffisstD 

6 2 , h >*-e**«fc*3ttfc 

imv>t—9-v>m.mwttb\zmRt Lit. 

[0 0 3 1] ;MM0#flff«!ftTOMtaikt 
01 5Sffi^TKWf5. 015 (a) ICj*t\}:5lCL 
i TaOj gfc 1 1 S^iTTS. ETF©0 15 (b) A» 

e0i5 (d) \z7KT&xm\i9c<Dmmmi\zmzw 
5 (b) #&H5 (d) \zjfit&xmt±<fimzmtt 

an*. *LT. 01 5 (e) \Z7jk?£5\Z*h\/i?7> 
H7 2Sr7-feh>lC«k0»4U. tfnSSg£fflV>T0 1 
4TSLfc7nb>£&&$!ia&2 6 0'C. 3 0-6 0 

»Tff 5 c t t. h 1 6 m&ts n* t 

IMftlCX/'W^ttfrffiSteSttU 2 01 
4©t-^-6 4'\aS*;l/y-6 2<£K<«fi®0^ 
fWffc**l lttli&£f!*afc£§ttS. H©l$©7n 

i- >%&®mm.iE.x-<D%®mm 5 o"c/#suTfr 

KfflttTfctotitfffiECl&^l 2«T^fc. 01 5 
(f) lC*-fJ;5t'TaS5 1 &NaOH©*^jSTX 
i^^fS. •?■©***) lx<»SS»fflaSfifl[4 0 0 

•CTfcftKimo. 5», SiJ!iaiassT©#sifs^5 

5tsc©fiT&«iM-r^s. -e©^. jt^ScKs^sa-r 
nttmmRxrfa h>x^©aiacto^<sfi 

mtoT&mmvttt. mmzmmmz%*mmz 

CtKiDSHG^WS^ns. ^nh>35 

a h >3?«K:<tS*«l^^»©»«SRf^Tt>& 

[0 0 3 2] £©,1:51;:. c©*iSWlcJ;n«, T'Dh 

s©t?. -f-©^©j»«ia^Si:^0i8S:&«&-rr 

«©Sffi*^iD^-r-5<k5KUTV»-5©r. jD«i<P^fC 
T*#io»*ff5«^tJt*LT«*i:«*rti*«ilP"r 
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tm-Vftm&lfctoTm&L, Sft^&l cm©SHG5fi 

5. £JS0!I1 t^fi&ftSHGfttttfj. Mt&fliSHG^ 

«0i6 (a) ■v7Kt£ots.mm#)ummzft\,^m 

[0 0 3 3] tfc, 016 (b) tt, ±iBIS^l;*^T 
SKiL/TL i TaOs fcffifflU tfDj»KSffl^&^ 
ah>35S»!S2 6O , CT3 0^WfT^> *©&> 7*n )- 

>55»s*«ias4 4o < c-eo. bftft^rcftota&mm 

016 (c) tt, ±fB)S^lC*V»TSffi 

oox:to. 5^fflff-o&«F©iiea««3ts:^r. rns 

SbT*0. *©Jfc$tt»<®<fcofcX/Vf*tt£fc 

[o o 3 4 j *k, MSwTcmz-ju \-> : && l m.<»* 
mmsteznrcmosHGn^zft&Xstz. z.mft 

^u^n^r&^r^ wzsHGmuzmfcwt® 

mzm%.LtztZ.?>Z.to®aSHGytlii1}\tl OOnW 
■?*D. S*&lfcSHG^tt4 9«/W • cm 2 Tafeo 

6. 6U©SK?fWE>93&#fc.J:5l;:. *HSfi{?!|lcJ:n 

«. h y&Mkvmmz-ju v y&wmw\\ztt 
is^^^a-r^ct^Tir. s«i*©sHGjt^4t? 

£ S S HG^*^SIC*ST^*. 
[0 0 3 5] (*JS0! 4 ) 5fc©£J6{SJ 3 iCfct? Tttftffi 

JEH^^fc^Kcnsiii©?* HJvy? 

OT> #389] 

©»4HIiWICOViTPb<rai-'5, 018tt#f§5l] 

K.fc 5 s h g ammwzmtm&RifWiftHiw®, 

019 (a) ~ (g) fcLhfBSHG^tOSiiieS^ 

T0T&*. 0 2 o \t7u v >#$mm> e^as-rc 

[0 0 3 6] H18fc*V>T, 1 1 «*H#- c ET& 
SLiTaC-3 *«SSSST@^>ffiC0(6l^(JT(nj€r-r 
*5. 12 ttffljS^II^TftS^D h 1 6 



(7) #Bi¥5-34 1 34 2 

12 

Ktfco, sHG^fci©8B»^gai;u«)en 
TE«-r*. \ 4\*\%&*®.-zm&$m\zm.mmz 

<IttLTV>S. 1 5«tt«a*B85#-t?§&±bfcSHGtt 

[0 0 3 7] x<7)7v h>x^«aaicov>T«. w^b 

JO [0 0 3 8] ^^©tfffiKfc&^tftiJIilSK© 

ms.m^m<Dmmmr$>^ 019 (a) ic^tj; 

iTaOi S«l lSfflSfS. 019 
(b) *^01 9 (d) \Z7nt&xn\t, 019 (c) 

zmvt&zm, Konmnizsiizwis (b) *» 

£05 (d) fc*TfclSfc±<H*fcJiflsaft6. ■€■ 
LT, 019 (e) lC^t«fc5t*hU^h7 2*7 

th>lc«k0»*U fcfnlR»£fflv>TJ&3gifc0!l©0 

# 1 4TwL&:/nh>aailMa«*2 6 0"C, 3 0~6 
0 #Tfr 7*D h >3&E«75S£»E 1 6 *t 

1t£. 01 4©fc- : ?-6 4'\£K*;i^-6 2*S< 

^«±t?ff^. *6ffl9fl«*6©»iaa«S5 0'C/» 
fiUn?fr 5 £ t lc«t 0 7a h >Xtt®^ 1 6 1 X/H f 
W^ffiRC^Tftb^^aRIE^l 2 ««fp*-r # 
fc. 01 9 (f) C^-r<t5lCTa)S5 ISNaOHJ) 

i»B6». j»jiaasssT(D#sag$5o , c/^± 

T«W«TI?S. )»J!ia^lfflAt2 QtoSLkHSt-fu b 

S3t^3f®-r5 C t »C«fc 0 S H G#F*tft*4n*. 
[0 0 3 93 K±^Lfc^K^ST»ffiSei&?&^S 
b, Jjl^fil cm©SHG#?SfP«Ufe. i©3fr?C 

i Tm>it.tmmn?9 >-*7 r^vu-vz 

G3tffi*, 3Sftfl:SHG^$S:^S^t*tT€rfc. ^.© 

^f©f^ss n&^ffis(E«^tt0 2 o t^-t i 5 fs.mm 

50 W;HJ«T*ofc. *HC 02 OC^TBfflU 



-323- 



13 

[0 0 4 0] K\z. tt&orzMz-fa N>£&®«©* 
**»«EC£nfcM©sHG#Ftfl«Lfc. znm 

*5fc*H«T*-3&. ^icsHG3fcffl****wti^i 

«^)l!l)£bfctC:6C©^©SHG5tffl*ttl 0 0 nW 
Tab 0. SfcffcSHG&^fcUX/W' cm' Tfeo 

t. ^©itjcko. fabyxmMmmzfaby 

£ 1 EI© 7 * h U V ? 7 7 Y -©I8TSS IC^SSt S 
CttfTi*. ss^rosHGsfiTF^snrs^t^ 

*w*<fcD. 3tJii»»i:bnirt-ract*tT?*5. 

TfcfcS, LiTaOi SfcfiJLiNbOs S«©-« 
inA£££:T7nh>$&M8£tt$&8<fc-rnfii. ft 

co»ttsfflvmtf»«KW»^i*»w»* i m©7 

* MJVy57W-«»*TfPITC*S. £©#&, 7*n 

7>- hfflb-*-ftfflV>Tfr3. 
[0 04 1] H±0KWa»&W&*>&J:5fi:. *JUMI 

SttfcfcHttroftffiEtefc^ £fS3tTS z, ttfx-g* l 

(sl©7* hU7^77^-©l8Til5^$©SHGJt* 
%4T^*SHG^^SIC*ST^S. 

[0042] ymm 5 ) &±©S£;560I lC*f <k 5 IC 
X/W *m*©#ffiE£#HP£^T£ JLtlCfcOSH 

5 icSfctmicM g «ttftrr« c t lei OMi: s h g# 

[0 0 4 3] WT. *»na>JBSft«M«J:DPnicR 
W-f*. ttfiS^©^«*«KJ:DfPj«L.fe. sr^a 
^^^X+SlCiO. SSI 0 OmmffiS 1 2 Ommffl 
^U-77ATft£nfc#ia(*II::*55Kg©L ITaO. 
JKfttt (*(SICffl^fcKHttiWfi4N©L ii O. Ta 
s Os . MgOffl©*<EI§Lftfc©T*5. ) SWT. 

0!in«*«>U M&SftO, -e©^ 

-H#lt*ffV>. 3r^©*(4tC*t)3 0IW-e, 2^f>5 1 © 
t,fc. d©B#©W^ii«ttl~2nini/ 
h. ®te3&ttl 0~2 0 r pm-CabS. mz, ±IE£ 

SS«St*K«tt©IMH4»5RS^LT. *SH©Z«l 



(8) #§§¥5-34 1 3 4 2 

wzWMsxm-fttsutm&ns. *•©&, -en-en 

¥ff a 10X10X10 ram' . ©iE*^7"D V £<2J 

owl. *©ain*«ifi«iwrufc. aw*?-n-en©« 
[0 0 4 4] r©te*©^i*02 3 \zmt. 

10 *H*Hft**~4*ppmi£<*&SAWjri/-F 
©^^KU^AllMgiifiJ. 3 0 0~5 0 0 nm© 

nAfc£©£&&J&l*ititl£ 1 p v>m?XV\zm.L1t* 

©^^iliSSIClt^TS 0 0-5 0 0 nm-C©3t®iRI4/h 
3<So^, 4 0 0nmOTT©KJRfiJ:<&5;fc»4 0 
0 nm&T©tfiSHGft©8±ffl««£LTfiift2ia 
ICMgO&lmo l^SllDtfciB 

^r\tmmwmm 2 n ndttM^twu m g o 
20 »m&*m+TtE\zmm<m\m&&mzfiviz. 

mz, MgO^DPfiCJ:SS*a^*IS^fi2 8 0~4 0 
0 nmT?©3fcSi@5$s©|fi]±-pab9, £©*te£ffl^n 
fif. £*ft<t l/T*ftfl*8 0 0 nmBTF®. WAfif 7 8 
OnmfflfiftV-ifSfflV^S 9 0nmS8ft©SHG 
*WS*S«rtBKfc*. S&, MgO£5mo 1 
^JO-rn«**3tttT7 0 0 nmC*SfflHT3 5 0 

[0 0 4 5] fiT. MgO^ICiOftajafttfffl-l:. 

Lfc* u ^7 Aiwsa&tflfcsan©* 

30 •J5 1 7Am«SS*S«i:UTffl^02 4ICSt^T» 
*K«(fft»*Ht. il©MgOS:^3)PUfcLTS« 
Srffl^TSHGSffi^SjgT^feli, £Jgfl2fi:*V> 
T01O (a) A^01O (g) (CTfflV^n^St 

^^ffis^^^©«3ttSfi«iaicjg^$ns^«Sc«s 

SS<fct)^:^<S«if5J;i3/h3^-3fc. Sft*0<Bfi 

^I2£jg^. S«aH©7"DK>-3!!lft«S9f«fi:«fc 
DIWJU a#o^Dh>SOMSfcJ:OaW»IBfi:«» 

fit* o s h G^wf^ss ns. 

[0 0 4 6] £(±*t&^ffiE<E*&?i^*»8&€:^S 
L, SR^fil cm©SHG$i t £fPKL&. S*S©3t 
ii 1 »:UT^^>-1}-7r'f-VU— !fftfflV»T. f^KL/fc 
SHG$^fi:afcg8 2 0 nm©a*SSAWUfctC 
5. 4 1 0 nm©t?feSHG##5n&. i©^f. 
S<E»^ ©(Sffi^«S!ttT^ffiK«E«*tt-€-©a!S 
»*|6j©tgJ;l3'b^#V»*-&lCtt. SHGftfflflfitl 5 
mWC©iB!itb*©SHG^#en. /17-««1 6 5 

5^ Kw/cm' T?«]£bfcai^*t#enfc. 
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fcmmmZ&Z.* &g7 8 0nm©¥l*#W— tf-& 
S2 8 0~4 0 OnmT©#aiatt©ffl±l<&MgO& 
Tfttftl. 5mW©SHG3fc©tiWnWt&nfc. 

mmao* m y ?7z>¥fcii£a«icffl h&srt 

[0 0 4 7] HMHWIHfcioTtt, ft*3ttfc#*K 
*Efc^©l«ffi£8grs££3!ttlc&5 ' 

SK««i:#E«*©*«Jt«» 1 » 1 £ tic* 
*. JK&9BH^*H^©$M*tteX*.« 

Cft*Ct"b**. i!©«fc3&¥FW&i:©#«E£« 

[0 0 4 8] &±*L;fcMgO£gsilllL&*>*,IVK'J 

ftlcm©SHG*p*fl«l/fc. »*iS©3tiitLT 
tT7 7-f l^— tf *fflV>T, f^fiUfcSHGSg 
^fcS£S8 2 0 nm©S*»SAittfctC*, 4 1 0 

nmOWftSHGJteWSnfc. £©». ftfiEfcfH 1 
©l9rB*t«il«'e»ttKl6«*tt-t-©S!a*t««i^|6i© 

«£0'b**V>*&fcl4. SHGftfflflttl BmWTO 
Sffl*©SHG3t*^6n, A7-fc«l 6 5KW/c 

[0 0 4 9]-*, ^SKW^WWH^ntt-C^S 
E<gfi«©«?Satfl»l:£lPl©«.J: 0 wtfr&fctt. 
9mW©SHGJt*J#6tl&. C©CtlCJ:D. 

a. *©*H«»*gffl«fcja:o. »ascffl«©«*^« 

0t>**V>»£fc:tt, ^©A*f*|6)lC»T 
*!&«fa»i#fi«*©*#Ha&» 1 *t 1 IC& D 8»* 

©sHG^K^-csftct^^Wfsfc. mz, as 

ITOfcMgOfcWlirra;:i:fcJ:D. 3m«««««tt 

fc. 

[0 0 5 0] *X9)©M8 0«ntCj:DmX«{nUE«< 
|Sj±Ufc«6S^»«tlCfflVi, I/— !f-3ti»>6©fflW3fc 

ftfc. *»Wfc«kDtti;»T»ft4 0 0nin«T©fitt 
ftSCtafftft. rnfc±»)4 0 0nmKT©«*fi 



(9) 1WF5-34 1 34 2 

iff 

fflwctai-et, *>?;PKU5 1 ?A*|g 1 fi©8c>* 
ttirtftoftttia^-ess. 

[0 0 5 1] Sfc, #Sb<ttl ; t^%£Jl±©MgO^ 

^A«'j^<&A*tt«* , >xA«ft:apiu**^©«R 
w flswicKiES-a'. '©^ffi5«g«««-e©iss*^w* 

««»rH©»*K««HFS»^SHG*f **©»»■? 
SHG3fc£32£-C#fc. 

[0 0 5 2] ±|2©«fig(CiD. *Sffi©ftSig#tt£* 

*«i<a»&2©«4r ©at***** 
•3T*ieaw^©#aiciS)tii*<, MBfa^^ 

**-8sfcJ:*©)SiHW«nr. WCJioTHl^'J r/ 

**ttfc J; 0 W#r* - £ "b WfiB-C 
[0 0 5 3] SfcHfttl/TCL 1. COi iTa! O 
• ©B^*»a#©3>y*x>MMt*««fiJI»ISft 

«*»6nav>fc»fcJMs***©H*6**ta*u^ 

©^BtStlSCifcfeS. £©«fc'3&*£l;:ttL i 
i CO* tTa. 0» ©E^JtS*A«itfcJ:OBfa 
©#*!*£«***§& ft*. M. K5c*©W0ttMaWfc 

ffff iOl/tt>«fcK 
[00 5 4] 

c tTasw&«s«t©»ffiKig»?^sr-6i fc<u 

Ttr, S^WSHGftSSfc&TSSSHGSfrJ-at&iS 
T?**. fcfc, *»WKJ:fttf. 7nh>£&®« (# 

40 tTa8»&«ffl«©»«se* : F*j«T*iit*«T 

S. »»*©SHG3fc*»±T?€r*SHG*W£3i-C' 
**. Hfc. *»WC«kntf. 7ah>55ftS!ftffla^lc 

R»*©SHGft£»£T£*SHG#?!&t«£l;:&8 

sie^ s^s-r* - 1 Tasw*ffii!tt©»sste» 

5ff ©I8-e*»*©SHG3eft56ftT**SHG*^««» 
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(10) 

17 

>&&ffim\zwtt*ft&s.imT tm&m 1 in©? 

Cifttf. «g4 0 0 nmWT©fiiS£#T©tt3i§tt 
&. IIfttC<*9 4 0 0nmJUT©Mi£fi?t£fflV>£#3Si 

m £ ±fr l & s h G $7 ©££tt t i«ffl*fl;©ft«: a 
±*»T*<&. io 

imomts.mii 

[03] HA»«©»«Kfi»^*fflV>&fe*©SHC 
jffT£*?-0T?<&S. 

[04] ¥R«©»ffK<E*^SfflHfc«e*©SHG* 
[0 5] (a) ~ (h) S^tt^n^fSWIC&SX/'W a? 

[06] x/ui'tt^ffiste^©ifes»ii**-r¥* 
[07] mi tmmzmTnft&mmzTiktifM 

[0 8] ¥nft#ff££f*roi3A^^r?ftT& 

[09] *%w<Dmtommt&izibomm-T!ib 

[010] (a) ~ (g) \t*tl*tvmmtZ**Xn 30 

[0ii] fuh^&mimnzrw tmmzm 
* ©*sii#lig£*-r¥*T* a. 
[01 2] ¥ntt#recOToiiA#tifi**r9*T 

<fe<5o 

[013] ^*©^Ph>5!«©^^-r0T*.5. 
[014] #f^K£*7nb>$MWllia£*-f0T 

[01 5] (a) ~ (g) \zznzn*%mz&zzrt 

[0i6] 7tib>ii&mm-<Dz;wtftft&Rfc& 



ft§l!¥5-3 4 1 3 4 2 

[01 7] ¥n«»ffis^^sffi±j-jgfig$n^fii 

[018] *»W©£;»«&iB!8f3fta©«i60Tfc 
£. 

[01 9] (a) ~ (g) «-£*l-€ : n#8WICifc-5X/'? 

£. 

[0 2 0] yah >£&®«iX/H 

[02i] *n«»«g<E«H i ** , r»«±fc»*sn 

[0 2 2] 7 p nh>^lft*jSK©!Si«!ll!li5l«[cWr5Ja 

[023] &njr>9mv?tj>m&m-f7n 

[ft^©lKW] 

11,511 (L I TaOj ) 

12 XVVf**#«raE*W 

13 3^>*;i«faM8 

1 4 g#&A#fft 

15 SHGIHM 

2 1 (L iNbOs ) 
22 ^xU>37SHG3t 
3 1 H^tt»ffiSteffi« 

4 1 ¥PItt#«JZeMK 

5 1 TaSS 

5 2 Jj> h l^X h 

5 3 •7ub>%mVL 

5 4 W«R*5fc«i*& 

6 2 a*wHE**?- 

6 3 fcfn«K 

6 4 ^U—H5!t-^- 

6 5 7nh>£fte 

7 1 Tal 
7 2 

3 5 1 #7X£S§ 
3 5 2 WSL 

3 5 3 S 

3 5 4 fiJifi 
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(12) 



ftl»¥5-3 4 1 3 4 2 



[08] [010] 




[014] [017] [021] 
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(14) 



#M¥5-3 4 134 2 



[02 2] 
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(15) 



#BI¥5-3 4 1 34 2 



[023] 
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